INTRODUCTION
============

Plantar fasciitis is a condition of pain in the lower heel region, whose most accepted etiology is the one that suggests the condition as a consequence of partial repetitive lesions and chronic inflammation in the plantar aponeurosis, in its insertion in the medial tubercle of the calcaneus.[@B1]

Plantar fasciitis is the most common cause of pain in the lower heel, with 10% incidence, being often seen in athletes and military personnel, as well as in sedentary individuals. ^(^ [@B2] ^),\ (^ [@B3] The risk factors include long time in standing position due to work activity, obesity, use of inappropriate footwear, excessive foot pronation, limited ankle dorsiflexion, and excessive running by unexperienced runners. ^(^ [@B4] ^),\ (^ [@B5]

It is a condition with great socioeconomic impact and it is the most prevalent to receive treatment by specialists.[@B6] According to a study by Tong and Furia, more than 2 million patients are treated for plantar fasciitis every year, with a treatment cost estimated between 192 and 376 million dollars a year, in 2007.[@B7]

The main complaint is pain under the heel that worsens when waking up in the morning or after sitting, which usually gets better after a little walk and at the end of the day with less weight bearing. ^(^ [@B8]

Pain in the inferomedial aspect of the calcaneus tuberosity is expected in the physical examination. The symptomatic heel may present erythema and a slight swelling when compared with the contralateral heel.

The diagnosis is made clinically and by exclusion. Radiographs may show calcaneal spurs in 50% of patients. ^(^ [@B8] Ultrasonography is a low-cost and useful exam to evaluate soft-tissue injuries to the heel. Suggestive findings for the diagnosis of plantar fasciitis include thickening of the plantar fascia greater than 4 mm and areas of hypoechogenicity. ^(^ [@B3] Magnetic resonance imaging (MRI) is another available test that helps in the evaluation, which has diagnosed plantar fasciitis in 76% of the sample according to the literature, being also useful for diagnosing other pathological processes in the calcaneus. ^(^ [@B9]

Patients rarely undergo surgical treatment. Clinical treatment is recommended for more than 90% of patients. Different clinical treatments have been reported such as orthoses in shoes (shims and insoles), oral anti-inflammatory agents, local infiltrations of corticosteroids, physiotherapy, and shock wave therapy. However, there is not a consensus about which is the most effective treatment in the literature.

Shock wave therapy - SWT - has been prescribed for the treatment of several musculoskeletal conditions, for being a noninvasive procedure that stimulates tissue and bone regeneration. ^(^ [@B3] ^),\ (^ [@B10] ^),\ (^ [@B11] ^),\ (^ [@B12] ^),\ (^ [@B13]

SWT has been prescribed for the treatment of plantar fasciitis; however, there are no prospective clinical studies with a sufficient sample to show its benefits. Furthermore, there is no standardization of the form of treatment and in the measurement of the results, considering pain, function and quality of life. In our sample, a four-dose SWT protocol was described for the treatment of chronic plantar fasciitis. Thus, considering the high prevalence, consequent cost and the controversy over this treatment, our study sought to evaluate the effectiveness of shock wave therapy through questionnaires that assess pain, function and quality of life (VAS, AOFAS and SF-36) and to correlate the outcomes to epidemiological and radiographic data.

The objective is to evaluate the effectiveness of a single application of focal shock wave therapy in plantar fasciitis treatment, considering pain, function and quality of life. The secondary objective is to correlate the improvement of the primary outcomes with epidemiological data.

MATERIALS AND METHODS
=====================

All participants signed the informed consent form. This study was authorized by the Research Ethics Committee of the Universidade Federal de São Paulo, protocol CEP 0231/11.

Statistical Analysis
--------------------

Data were analyzed through the ANOVA test. The Pearson correlation test was used to measure the variable interrelation, considering a 0.05 (5%) level of significance and 95%CI.

Participants
------------

The inclusion criteria were: being older than 18 years, of both sexes, patient with unilateral chronic plantar fasciitis diagnosed by clinical, radiographic and ultrasonographic examination; symptoms of heel pain in the region of the proximal insertion of the plantar fascia for more than three weeks; physical examination with pain at palpation of the proximal insertion of the plantar fascia in the inferomedial region of the unilateral calcaneus; ultrasonographic examination of the affected foot showing an inflammatory process in the insertion region of the plantar fascia in the inferior region of the calcaneus; history of three weeks of unsuccessful conservative treatment, including one or the combination of the following therapeutic methods: NSAIDs, resting, heat, ice, ultrasound, massage, orthotics, plaster immobilization, sparking, shoe modification and use of night orthotics.

Exclusion criteria were: treatment with corticosteroid injection of less than 30 days; surgical treatment for prior plantar fasciitis; treatment in progress with anti-inflammatories, active infectious process in the region to be treated, history or documented evidence of autoimmune or peripheral vascular disease, nonpalpable posterior tibial or dorsalis pedis pulses or abnormal capillary filling, history or documented evidence of peripheral neuropathy (tarsal tunnel syndrome, diabetic neuropathy), pregnancy, history or documented evidence of blood clotting disorders (treatment with anticoagulant, excluding aspirin), tumor lesions (primary or secondary tumors), trauma (fracture) or infections (osteomyelitis), use of cardiac pacemaker and allergy or known allergic sensitivity to Xylocaine®.

INTERVENTION
============

The patient laid down on the stretcher in supine position, without footwear, with ear protectors, with the feet towards the shock wave apparatus and with the application site marked in the medial region towards the lower tubercle of the calcaneus. Asepsis and antisepsis of the foot and ankle were performed, followed by anesthetic block with 5 ml of 2% lidocaine hydrochloride, posterior tibial nerve, medial retromalleolar region, 15 to 20 minutes before the application of the conductive gel in the heel region, where the device probe was directly positioned.

A single application of 900 pulses follows, with energy around 0.13 mJ/mm^2^ with frequency of 4 pulses /s with Evotron (Switch), considered as high energy, greater than 0,12 mJ/mm[@B2]. ^(^ [@B14]

Epidemiological data were initially recorded at the first visit, namely: sex, age, BMI, time of pain, laterality, presence of spurs in the radiography. In addition, all patients underwent X-ray examination and ultrasonography to confirm the condition.

Outcomes
--------

Primary:

Pain (visual analog scale - VAS)Function (AOFAS)Quality of life (SF-36)

All outcomes were measured at the time of inclusion of the patient in the study and at the post-intervention moments as it follows: three, six and twelve weeks. Outcomes were measured by physicians or physiotherapists not directly related to the study, all of them capable of measuring the outcomes.

Complication and adverse effects
--------------------------------

Adverse effects, complications and treatment failure were evaluated, considering treatment failure as the need to another intervention besides shockwave therapy, except oral drugs. Another definition was the lack of pain improvement compared with pre intervention pain in subsequent periods (3, 6 and 12 weeks).

RESULTS
=======

A total of 60 patients were included in the study. Of these, we had 4 patients lost to follow up who did not complete the collection of results.

Thus, data from 56 patients were collected during 2017 and 2018: 44 women (78.6%) and 12 men (21.4%), with an average age of 49.1 +/- 2.9 years and an average time of symptoms of 24.3 months. Average BMI of 28.74 was observed among the selected patients. The presence of calcaneal spur was found in 78.2% of the sample, as shown in [Table 1](#t1){ref-type="table"}.

Table 1Epidemiologic data. MeanMediaStandard DeviationMinMaxNCIAge49.149.5112775562.9∆t symptoms24.31228.81.5120567.7Weight76.77516.149118564.2Height1.631.620.11.481.9560.03BMI28.7427.654.9820.0842.82561.3

[Table 2](#t2){ref-type="table"} shows the results obtained in the Visual Analog Pain Scale (VAS) analysis.

Table 2Visual analog pain scale analysis.VASPrePost 3Post 6Post 12Mean8.315.95.745.08Median8665Standard Deviation1.332.622.813.24N50505050CI0.370.730.780.9P-value\< 0.001   

Based on the results, we conclude there was a progressive increase in the parameter evaluated in all the periods in which the patients were reevaluated (3, 6 and 12 weeks), as shown in [Figure 1](#f1){ref-type="fig"}.

Figure 1VAS evolution.

The functional evaluation obtained with the AOFAS questionnaire showed the results evidenced by [Table 3](#t3){ref-type="table"}.

Table 3Aofas analysis.AOFASPrePost 3Post 6Post 12Mean19.515.113.613.1Median20141414Standard Deviation2.73.44.95.7N56565656CI0.70.91.31.5P-value\< 0.001

The results obtained showed that the Pre mean (19.5) was higher when compared with all other periods, which had lower and decreasing averages. Thus, the average was 15.1 in Post 3, versus 13.6 in the Post 6 and 13.1 in the Post 12 (p-values \< 0.001, as shown in [Table 3](#t3){ref-type="table"}). Based on these results, we concluded there was a progressive increase in the AOFAS score.

The SF-36 questionnaire was subdivided into the following parameters in the analysis: Functional capacity (FC), Pain (P), Limitation for physical aspects (LPA), General health status (GHS), Vitality (V), Social aspects (SA), Limitation for emotional aspects (LEA) and Mental health (MH); Statistical difference was observed between the periods for almost all variables, except general health status and limitation for emotional aspects.

For FC, the averages obtained were: 30.6 in the Pre, 54.0 in the post 3 weeks, 48.4 in the post 6 weeks and 49.4 in the post 12 weeks, in which p \< 0.001. For Pain, the average were: 32.2; 46.2; 41.1 and 39.3, with p = 0.003. For LPA: 9.4; 28.6; 21.9 and 25.4, with p = 0.001. For GHS: 60.4; 62.2; 57.7 and 55.2, with p = 0.353. For V: 48.6; 54.0; 48.8 and 48.0, with p = 0.043. For SA: 50.4; 59.2; 61.6 and 62.1, with p = 0.015. For LEA: 20.2; 31.5; 32.1 and 32.7, with p 0.129. And for MH: 58.1; 63.3; 57.1 and 55.6, with p = 0.036 ([Figures 2](#f2){ref-type="fig"} to [9](#f9){ref-type="fig"}).

Figure 2"SF36 - Functional capacity" evolution.

Figure 3"SF36 - Limitation for physical aspects" evolution.

Figure 4"SF36 - Pain" evolution.

Figure 5"SF36 - General health status" evolution.

Figure 6"SF36 - Vitality" evolution.

Figure 7"SF36 - Social aspects" evolution.

Figure 8"SF36 - Limitation for emotional aspects" evolution.

Figure 9"SF36 - Mental health" evolution.

Statistically significant correlations were observed, but all of them have very low values, which make them clinically not significant.

The highest correlation occurred between Age and Delta t between pre and post 3 weeks SF36-V with a value of -40.1%. Since it has a negative value, it indicates that the higher the Age, the lower the value of SF36-V and vice versa. This is a Correlation classified as Regular. No statistically significant differences in sex and quality of life were observed.

DISCUSSION
==========

The shockwave therapy is an alternative to non-surgical treatments (drug and physiotherapy) and less aggressive than surgical treatment for refractory cases. After analyzing the collected data, we obtained a significant improvement in the pain parameter, evaluated by the analog visual scale. In our sample, patients had a quick improvement in pain, seen after 3 weeks and later in the remaining periods of re-evaluation, up to 12 weeks. However, a clinically relevant difference is considered to be a 3-point change in the scale, which was achieved only in the twelfth week of follow-up.

Our study agrees with the literature, since it shows an improvement in the pain parameter, as found by Gollwitzer et al. [@B15] and Dastgir, ^(^ [@B16] with a significant improvement in VAS at 12 and 24 weeks, respectively.

Based on this conclusion, we can affirm the shock wave therapy may be interesting due to the rapid improvement in pain presented, remaining in the later periods of reevaluation. Our study shows an improvement in the AOFAS functional score, agreeing with the results published by Androsoni et al. (2013) ^(^ [@B11], which used the same score and obtained a significant improvement at the end of longer periods of patient reassessment (1 month, 3 months and 6 months), with patients being subjected to a weekly application for 4 consecutive weeks. However, the study analyzed a small sample of patients, 30 patients (36 feet), who were subjected to the procedure more than once, and the results of quality of life and pain improvement were not evaluated at the end. ^(^ [@B11]

In our earlier analysis, we observed a significant increase in the functional score in a shorter period of time, with a single session of SWT, showing that this treatment may positive results in the functionality within three weeks, maintained for up to 12 weeks.

The SF-36 score handles several aspects of patients' quality of life and includes: Functional capacity (FC), Pain (P), Limitation for physical aspects (LPA), General health status (GHS), Vitality (V), Social aspects (SA), Limitation for emotional aspects (LEA) and Mental health (MH). Despite the difficulty in applying it due to its extension, the scale has an advantage: the large amount of information of different aspects involving patients' quality of life. In a review in the literature on the treatment of plantar fasciitis with shock wave therapy, no studies were found to evaluate this questionnaire.

After the statistical analysis of the results, we could identify an improvement in most of the aspects addressed by the questionnaire after three weeks, revealing a positive short-term impact of SWT on patients' quality of life. As expected, there were no changes in General Health Status and Limitation for emotional aspects, although most of the patients presented the disease for more than 3 weeks, which could negatively influence these two domains.

Complications of the application of SWT has not been described in the literature. Other studies[@B15] also considered the application of shock waves as a safe procedure.

Regarding the multivariate analysis, we found no correlation between the result of the shock wave treatment and the epidemiological data collected, probably due to the small sample for this test. Moreover, we consider the absence of a control group as a limitation of our study. Keeping patients' attendance at the follow-up visits was difficult, which hindered the application of the questionnaires for all patients. The strength of our study is the fact that we showed a series with a number of 60 patients in a prospective study with shock wave treatment with a single application and evaluated the outcome in quality of life.

CONCLUSION
==========

We conclude that shock wave therapy was effective in plantar fasciitis treatment according to the proposed protocol, which considered pain, function and quality of life. We could not establish a connection between BMI and the response of the proposed treatment.

This study was performed at the Department of Orthopedics and Traumatology of the Universidade Federal de São Paulo, Hospital São Paulo.
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